Injury rates in twelve U.S. men's collegiate sports are examined in this paper. The twelve sports ranked by overall injury rate are wrestling, football, ice hockey, soccer, basketball, lacrosse, tennis, baseball, indoor track, cross country, outdoor track, and swimming. The first six sports will be called "contact" sports, and the next five will be called "non-contact." Swimming is treated separately because it has many fewer injuries. Injury rates in the contact sports are considerably higher than they are in the non-contact sports and they are on average more severe. Estimates are presented of the injury savings that would result if the contact sports were changed to have injury rates similar to the rates in the non-contact sports. The estimated savings are 49,600 fewer injuries per year and 5,990 fewer injury years per year. The estimated dollar value of these savings is between about 0.5 and 1.5 billion per year. About half of this is from football. Section 7 speculates on how the contact sports might be changed to have their injury rates be similar to those in the non-contact sports.
Introduction
Injury rates in men's collegiate sports are examined in this paper for the 2009/2010-2013/2014 period using data from the National Collegiate Athletic Association Injury Surveillance Program (NCAA-ISP)-the Datalys data. 1 Data are available for the three college divisions, twelve sports, and 1,085 specific injury classifications.
The specific injury classifications are also aggregated into 50 group classifications.
Data are also available for the number of days lost due to the injury and whether the injury required surgery. In this paper four injury types, based on 15 injury group classifications, are examined. These are discussed in Section 3.
The paper examines the differences in injury experiences among the sports.
The twelve sports ranked by overall injury rate are wrestling, football, ice hockey, soccer, basketball, lacrosse, tennis, baseball, indoor track, cross country, outdoor track, and swimming. The differences can be compared across the four types of injuries, the three college divisions, and the five academic years. The first six sports will be called "contact" sports. Basketball is not necessarily a contact sport, but its injury rate is close to the rate for soccer and greater than the rate for lacrosse, and so it has been put in the category of a contact sport. The other six sports except for swimming have been put in a "non-contact" category. Swimming is an outlier in that it has relatively few injuries.
After examining the injury rates, the paper then considers how many injuries would be saved if the contact sports were changed to have injury rates the same Section 2 reviews the literature, and Section 3 discusses the data. The injury rates are examined in Section 4. The injury savings are estimated in Section 5, and dollar values are put on these estimates in Section 6. Section 7 speculates on how the contact sports might be changed to make them non-contact. Wrestling would have to be eliminated, but modifications seem possible for the other sports.
Literature
Many of the previous studies that have used the Datalys data have focused on specific sports or injuries. One approach is to fix a sport and determine the breakdown of injuries incurred while playing this sport. Roos 
Data
The NCAA-ISP data are created from a sample of schools. Each participating school reports injury information to the NCAA. As discussed below, multiplication factors are used to blow the sample values up to national totals.
The NCAA-ISP data contain two files. The first file documents athletic expo-
sures. An exposure is defined as "a practice or competition in which a studentathlete was exposed to the possibility of athletic injury, regardless of the time associated with the participation." In the file each "exposure" is one observation, with a unique identifier key and the number of athletes who participated in the ses-
sion. An exposure is thus a record of a practice or competition. If one observation in the file records, say, 20 athletes participating in the session, that observation actually codes for 20 total athlete exposures. For each observation there are codes for the sport, the college division, and the academic year. There are 12 sports, three college divisions, and five academic years. The data are for men only.
The second file documents injuries. One observation records a single injury.
Included in each observation are codes for the specific injury classification, the 50 4 group injury classification, the year, the sport, the division, the number of days lost, whether or not the injury required surgery, and various other data.
For a given injury classification, the injury rate is the number of injuries divided by the number of exposures. Rates are calculated by simply counting the total number of athlete-exposures for a certain sport, division, and year, counting the number of injuries of a particular classification in the same sport, division, and year, and dividing the two. For any given sport, division, and year, the number of exposures will always be the same. Rates only differ because the number of injuries differs, not because the number of exposures differs.
The aggregation of the injuries into four types is presented in for each sport, division, and year, the weight is just the number of sponsoring schools divided by the number of schools participating in the ISP program, where a sponsoring school is a school with a team for the particular sport, division, and year. For additional information on the weighting procedure, Kerr et al. (2014) provide a complete guide on the methodology of the collection and weighting processes of the ISP program. The majority of the available literature uses these weights, and our analysis has done the same. Not used: abrasion, arthritis/chondromalacia, avascular necrosis, avulsion, avulsion/fracture, bursitis, capsulitis, cardiovascular, compartment syndrome, cysts, dental, dermatology, effusion, endocrine system, entrapment/impingement, environmental, gastrointestinal, genitourinary, hematology, illness, infection, infectious disease, inflammation, internal organ, laceration, miscellaneous, neoplasm, psychological, respiratory, rheumatology, synovitis, tendinitis, tendinosis, tenosynovitis, thrombosis.
For more discussion on collection methodology and summary statistics, see . injury, and so there is some subjectivity involved in reporting injuries.
Privacy issues also limit the amount of information that can be obtained from the data. The only personal information on an athlete is gender. For example, it is not known whether an injured athlete was a starter or a bench player. The college is also not known except for which division it is in.
Although the data are not perfect, they are generally accepted as being rea- 
Injury Rates
Consider first the aggregation of the three divisions and the five academic years.
For this aggregation let E k denote the number of exposures in sport k; let I ik denote the number of injuries of type i in sport k; let D ik denote the number of days lost from injuries of type i in sport k; and let S ik denote the number of injuries of type i in sport k that required surgery. The injury rate for injury of type i and sport k is 2 The number of days lost was computed as follows. Included for each observation in the second ISP file is a variable that gives the exact number of days lost for each specific injury. Unfortunately, this variable has many missing observations. Also included is a variable giving rough categories of days lost due to an injury. The categories are: 1) did not have to sit out, 2) sat out but returned within the same practice or competition, 3) missed 1-6 days of participation, 4) missed 7-13 days, 5) missed 14-29 days, 6) missed 30+ days, or 7) missed the entire season. This categorical variable has only a few missing observations. To come up with a number for the total number of days lost, when data were available we averaged the exact number of days lost within each of the categories and used that average to impute the missing data. For example, say for a particular injury, sport, year, and division there were four injuries causing 1-6 lost days. Say two of the observations had missing elements for exact number of days lost, one observation had 3 days lost, and the last observation had 5 days lost. The 3 and 5 days lost would be averaged to get 4 days lost, which would be assigned to the two missing values. The total number of days lost would then be 3+5+4+4=12. Injury rates for the four types of injuries are presented in Table 2 for the 12 sports. Injury rates are also presented for the five non-contact sports aggregated together, denoted N . Wrestling has the highest injury rates for concuss and tear.
The rate is particularly high for concuss. Football and ice hockey are similar, as are soccer and basketball. Lacrosse has the lowest overall rate of the six contact sports. The rates are noticeably lower for the five non-contact sports, especially for concuss. The main type of injury for these sports is tear. As noted earlier, swimming has very low rates.
For N the overall injury rate is 0.262 percent. The rates for wrestling, football, and ice hockey are about three times this. The rates for soccer and basketball are about two and a half times this, and the rate for lacrosse is about two times this.
8
For N the concuss rate is 0.006 percent. The rate for wrestling is about 22 times this; the rates for football and ice hockey are about 15 times this, and the rates for soccer, basketball, and lacrosse are about 7 times this. There is obviously a clear difference between the contact and non-contact sports, with the differences for concuss being particularly large. . Table 3 present the injury rates plus the total number of exposures, the total number of injuries, the number of days lost from the injuries, the number of days lost per injury, and the percent of injuries that required surgery. Table A1 in the Appendix is the same table disaggregated by the four injury types. Tables 3 and A1 are self explanatory. Football has the largest number of exposures, followed by baseball and indoor track. Ice hockey, wrestling, and tennis are relatively small. The injury rates have already been discussed. The number of days lost per injury is highest for wrestling, followed by tennis and football. The number of days lost per injury for N is 9.8, which is smaller than for the contact sports except basketball. Excluding swimming, the percent of injuries that require surgery is highest for football at 0.0740 percent, followed by lacrosse, wrestling, and baseball. The percent for swimming is high, but the overall number of injuries for swimming is small and this percent is probably not trustworthy. Table 4 presents the injury rates for the three divisions, aggregated by the five years. Except for lacrosse, the rates are higher for division I than for division II.
In most cases they are considerably higher. The rates for division III are generally higher than those for division II. Comparing division III to division I, the rates are higher for division III for ice hockey, soccer, lacrosse, cross country, and swimming. It is interesting that division III is closer to division I than is division II.
Division III is even higher than division I for ice hockey, soccer, lacrosse, cross country, and swimming. See notes to Table 2 . D = number of days lost due to injuries. S = number of injuries that required surgery. See notes to Table 2 .
Estimated Injury Savings from Banning Contact
It is clear that injury rates are higher in contact than non-contact sports. It is interesting to consider the injury savings that would result if contact sports could be changed so that their injury rates were the same as those for N . An attempt is made in this section to estimate these savings. It will be assumed that football, ice hockey, soccer, basketball, and lacrosse can be changed to have the same injury rates as for N . It will also be assumed that wrestling is eliminated, since there is no way to exclude contact in wrestling. Table 2 .
Use of Datalys Data Only
Calculations of the savings using the Datalys data are presented in Table 6 . The There are 33 injuries in Table A2 and thus 33 disability index values. Some of the values are the same because the same Mathers et al. category was sometimes matched to more than one NCAA injury. Given the values of Z, it is possible to do the following, as spelled out in Table 7 . Take, for example, football, where there are 200.7 thousand injuries across the four injury types, the three divisions, and the five years (from Tables 3 and 6 ). This number is in row (1) in Table 7 . There is a value of Z for each injury, i.e., each NCAA injury falls into one of the 33 categories in Table A2 . For a particular injury, Z is the fraction of the year that is not healthy, i.e., injured. Summing the values of Z for all 200.7 thousand injuries gives the total number of injury years, which is 22.6 thousand years. This number is in row (2) of the table. Row (3) is the ratio of row (2) to row (1), which is the average number of injury years per injury. For football this average is 0.113 years.
Rows (4) through (8) in Table 7 assume no wrestling and that the other contact sports are like N . Row (4) is the number of injuries from Table 6 . Row (5) is the average number of injury years per injury computed for N using the Mather et al.
disability indices, which is 0.088. Row (6), which is row (4) times row (5), gives the total number of injury years. Row (7) is the actual number of injury years from row (2) minus the number of injury years from row (6), which is the number of injury years saved. Row (8) is row (7) divided by five, which is the number of injury years saved per year. For football this is 3.33 thousand years per year. The last column in Table 7 gives the totals. The total number of injury years saved per year is 5.99 thousand per year. More than half of the total is from football.
It is interesting to compare the average number of days lost per injury in Table 6, namely D/I, with the average number of injury years per injury in row (3) in Table   7 . For football the average number of days lost is 14.9 and the average number of injury years per injury is 0.113, which is about 41 days. The number of days computed using the Mathers et al. disability indices is thus considerably larger than the number of days lost from the Datalys data. The number of days lost in the Datalys data is the number of days before the student returns to his sport. For better or worse, the Mathers et al. disability indices are in effect assuming some continuing loss to the student after he returns.
Estimated Dollar Savings from Banning Contact
The estimated injury savings in Tables 6 and 7 can stand by themselves as descriptive statistics. They are not based on any assumptions about the cost of an injury or the value of a year of life. In this section an attempt is made to put dollar values on these estimates. How should they be valued? One possibility would be to ask students and their parents how much they would be willing to pay to have avoided an injury. If this were done by injury types, one could attempt to value the saved injuries. Specific college surveys of this type do not appear to exist, but there are injury cost estimates available. These estimates are in part based on medical costs, but they also take into account pain and suffering and opportunity cost of lost time. They are thus likely to be picking up some of what would be revealed by willingness-to-pay surveys.
National Safety Council Estimates
The National Safety Council (2017b) (NSC) puts an estimated cost of a disabling injury at $9,000 for a home injury and $8,800 for a public injury in 2015. (The cost   16 of a work injury is estimated to be about four times larger. 4 ) A disabling injury is "one which results in death, some degree of permanent impairment, or renders the injured person unable to effectively perform his or her regular duties for a full day beyond the day of injury." The cost includes "wage and productivity losses, medical expenses, and administrative expenses."
If $9,000 per injury is used and there are 49.6 thousand fewer injuries per year, as estimated in Table 6 , this is a cost savings of $446 million per year. With 768.7
thousand fewer days lost, also from Table 6 , this comes to $580 per day. Put another way, the estimated average cost of a day lost due to an injury is $580 using the $9,000 figure.
Department of Health and Human Services Estimates
Estimates are also available from the Department of Health and Human Services estimates are thus in the ball park of the NSC estimate of $9,000, which also includes wage and productivity losses. They provide at least mild support to the use of the $9,000 figure.
Value of a Year of Life
There is a large literature on estimating the statistical value of a life. Estimates are less often presented of the value of a year of life, which is what is needed here.
Cutler (2004) cites a value of $100,000 per year, which in 2015 dollars is about $125,000. This estimate, however, assumes that the value of a year of life does not vary with age. Murphy and Topel (2006) , using a utility maximization framework, argue that the value of a year of life varies by age and is hump shaped, peaking at around age 50. Aldy and Viscusi (2008) make a similar argument, where they also estimate a peak at around age 50.
For the calculations here the interest is in people around age 20, namely students. cross-section (before conversion to 2015 dollars). In the following calculations a value of $250,000 in 2015 dollars will be used. Table 7 estimates that 5.99 thousand injury years would be saved per year if wrestling were eliminated and the other contact sports were like N . Multiplying this number by $250,000 is a cost savings of $1.5 billion per year. This is considerably larger than the $446 million using $9,000 as the average cost of an injury.
This difference may be due in part to the fact that the Mathers et al. indices are in effect assuming more days lost than are estimated in the Datalys data.
The results thus suggest that the value of the injury costs that would be saved is between about 0.5 and 1.5 billion dollars per year.
Policy Implications
The results in Section 4 show that college injury rates are on average much higher for contact sports than for non-contact sports. If college wrestling were eliminated and football, ice hockey, soccer, basketball, and lacrosse were changed to have injury rates similar to those in tennis, baseball, indoor track, cross country, and outdoor track, the results in Table 6 estimate that there would be 49,600 fewer injuries per year in the United States. The results in Table 7 estimate that there would be 5,990 fewer injury years per year. The dollar value of these savings is estimated to be between about $0.5 billion and $1.5 billion per year. More than half of these savings are from football.
What would it take to make football, ice hockey, soccer, basketball, and lacrosse have injury rates similar to those in tennis, baseball, indoor track, cross country, and outdoor track? For ice hockey, soccer, and lacrosse, the rules would have to be changed to allow no contact and the refereeing would have to be tighter. In addition, headers would have to be banned in soccer. For football the game would have to be changed to be non-contact football. An example of non-contact football is flag football, although other non-contact options are possible. Basketball is odd in that it is not supposed to be a contact sport, but its injury rates are in the contact sports range. There is, of course, contact in basketball and players frequently fall.
Possible rule changes would be banning dunk shots (so that less of the game is in effect played above the rim) and tighter refereeing. Some experimentation would undoubtedly be needed to change the rules for each sport to achieve injury rates no higher than the rates for the currently non-contact sports.
People obviously differ on the weights they place on the costs and benefits of collegiate contact sports. For example, changing college football to be a noncontact sport would be a large change in the sports culture in the United States, and it would not be popular among many people. The purpose of this paper is not to advocate for policy changes. The paper is an attempt to estimate the 
